Introduction {#s0001}
============

The prevalence of musculoskeletal complaints in the general population is high and represents a major socio--economic burden.\[[@C1]\] Shoulder pain is among the most frequent \[[@C2]\] and costly \[[@C3]\] complaints presented in primary health care. Moreover, shoulder pain has little tendency to resolve quickly or completely; according to a Dutch study, one-half of all sufferers reported problems one year after their initial consultation.\[[@C4]\] Musculoskeletal complaints and disorders have traditionally been a grossly neglected area of medical education.\[[@C5]\] The combination of inadequate education and high incidence of such complaints lead to a large number of patients for whom there is neither clear diagnosis nor proper treatment.\[[@C6]\] In many cases chronicity, frustration and social security expenditures are inevitable consequences.\[[@C7]\] Diagnoses of musculoskeletal disorders have proved difficult with objective methods including medical imaging.\[[@C8]\] Available clinical examinations involve a multitude of tests, and more than one hundred separate clinical shoulder tests are described, without clear advice on the most appropriate tests.\[[@C9],[@C10]\]. Furthermore, a review by Hegedus et al. indicated that very few clinical shoulder tests appear to be diagnostically discriminatory.\[[@C11]\] However, Hegedus et al. only looked at the value of each individual test, and their updated review stated a clear need for valid, comprehensible, systematic shoulder diagnostics.\[[@C12]\] A proper diagnostic system is a prerequisite for clinical management; i.e., synonymous labelling of the same clinical conditions, thereby enabling specific treatment and evaluation of treatment outcome.\[[@C13]\].

Orthopaedic medicine ad modem Cyriax is a diagnostic system of the loco motor system founded on the theories of referred pain and selective tissue tension techniques (STTs).\[[@C14]\] Diagnosis based on thorough anamneses and functional examination consisting of standardized clinical tests that differentiate lesions of contractile and stretchable structures such as muscle, tendon, and tendon insertion from inert structures. A detailed clinical examination using these principles may outline clinical patterns. STTs, originally described by Dr Cyriax, represent a systematic approach to the physical assessment and diagnosis of musculoskeletal soft-tissue disorders with a potential to standardize the diagnostic labelling of shoulder complaints.\[[@C14]\] Several educational organizations worldwide offer STTs training,\[[@C15]\] and reliability studies of STTs have demonstrated adequate results.\[[@C14],[@C16]\] The aim of this study was to explore the agreement of shoulder complaints diagnoses between experienced clinicians practicing systematic examination with STTs in primary health care.

Material and methods {#s0002}
====================

In April 2013, we conducted a cross-sectional study in the city of Bodø in Northern Norway. We recruited altogether 62 patients with shoulder complaints encountered in primary health care through referrals from general practitioners (GPs), physical therapists, and patients referred to the department of orthopedic surgery from GPs in the catchment area. Patients 18 years of age or above with shoulder pain of minimum 14 days were eligible. We excluded from participation patients with infectious disease, implants in the affected shoulder, or serious psychiatric disorders. The study was conducted over two days with clinical examinations performed by three physical therapists and one GP, all trained in STTs, according to a common protocol. To reflect ordinary practice, no pre-calibration was undertaken. Each clinician was from a different clinic in Norway or Sweden. All participants gave written informed consent following written and verbal explanation of the study aims. Emphasis on the potential discomfort associated with repeated physical testing, and the option to withdraw was provided.

Medical history, clinical examination, and shoulder diagnosis {#s0003}
-------------------------------------------------------------

Before clinical examination, all patients were interviewed and a detailed medical history was obtained by one of the researchers (BS), using a standardized questionnaire constructed in Questback. BS did not participate in the physical examination of patients. He recorded the responses electronically, and identical copies of responses were printed, and provided to all four clinicians. Each patient consecutively underwent clinical examinations in separate rooms by all four clinicians. To ensure standardization, all clinicians received the medical history, and they registered their findings and diagnostic conclusion(s) digitally in a standardized recording form on their personal computer.

Prior to the study, the clinicians evaluated the medical history questionnaire and the recording form, stating that it met the specifications and fulfilled the intended purpose of the diagnostic system. The questionnaire and the recording form ensured consistent protocol application in a clinically realistic environment. The first part of the recording form attempted to elucidate whether any symptoms in the arm originated from a shoulder lesion. If this was not clear from the information provided in the questionnaire, the clinicians performed a preliminary examination, including tests of the cervical spine, shoulder, and elbow.

The basic functional examination of the shoulder consists of 12 tests, [Table 1](#TB1){ref-type="table"}.\[[@C17]\] It is important to perform all of these tests, and not to stop even if the diagnosis appears clear after a limited number of tests. If the diagnosis remains unclear after the basic functional examination, an accessory test can be used (passive horizontal adduction) to arrive at a final diagnosis. The four clinicians were instructed to recognize "inherent likelihoods", a term defined as the sequence of symptoms and/or signs that belong to the clinical picture of a certain clinical entity that are likely to be found, in a sequence that is more or less typical for that clinical picture. The clinicians received a list of possible diagnoses they could assign, allowing combinations, to ensure use of the same diagnostic nomenclature. The clinicians were blinded to each other's results during the clinical examinations, and patients instructed not to communicate any specific information about previous clinical examinations to any clinician. The patients got a 5--10 min break after each clinical examination. A member of the research team observed the clinical examinations (NE).

###### 

The basic functional shoulder tests in selective tissue tension techniques (STTs), to diagnose shoulder complaints.

  Summary of the basic functional examination of the shoulder   
  ------------------------------------------------------------- --------------------------------------
  Elevation                                                     1\. Active elevation of both arms.
                                                                2\. Passive elevation
                                                                3\. Painful arc
  Glenohumeral joint                                            4\. Passive scapulohumeral abduction
                                                                5\. Passive lateral rotation
                                                                6\. Passive medial rotation
  Resisted movements                                            7\. Resisted adduction
                                                                8\. Resisted abduction
                                                                9\. Resisted lateral rotation
                                                                10\. Resisted medial rotation
                                                                11\. Resisted flexion of the elbow
                                                                12\. Resisted extension of the elbow
  Additional test allowed in this study.                        13\. Passive horizontal adduction

Statistics {#s0004}
----------

The recorded information was made available in excel and converted to a SPSS file. In the absence of a gold standard for the possible diagnoses, diagnostic reliability was analysed by intertester agreement as observed agreement (Po) and agreement beyond chance, Cohen's kappa.\[[@C18]\] According to Altman (p. 404), a kappa value ranging between 41 and 60 was interpreted as moderate agreement and values from 61 to 80 as good agreement.\[[@C19]\] A 95% confidence interval (CI) for kappa was calculated by the bootstrapping procedure in SPSS version 19 (SPSS Inc., Chicago, IL) with samples set to 1000.\[[@C20]\] Power calculation indicated some 300 comparisons to identify a 0.2 difference in kappa value at 0.8 probability and significance level 0.05 for the more prevalent shoulder diagnoses. For the agreement analyses, we rearranged the data to contain six pairs (AB, AC, AD, BC, BD, and CD) of clinicians for each patient, giving a total of 372 comparisons of agreements of the 62 patients. Intertester agreement was determined at three diagnostic levels: individual tests, individual diagnoses (glenohumeral capsulitis, acromioclavicular joint lesion), and diagnostic groups: rotator cuff tendinopathies (supraspinatus-, infraspinatus-, and subscapularis-tendinopathies) and bursitis (chronic and acute subacromial-, and subdeltoid bursitis).

Results {#s0005}
=======

The study cohort included 34 women and 28 men between 18 and 75 years of age, of whom 63% were between 40 and 60 years of age ([Figure 1](#F0001){ref-type="fig"}). Women dominated in the age groups of 50 years and under, and men dominated in the age groups of 60 years or over. More than 90% of patients reported localization of symptoms to the shoulder, 89% to upper arm, 45% to the forearm and 27% to the fingers. In addition to pain (100%), 23 and 24% of patients reported paresthesia and numbness, respectively. In the medical history, 95% of participants reported symptoms to the C5 dermatome. Patient-reported causes of symptoms were equally distributed between overuse, trauma, and spontaneously occurring. In 75% of patients, the symptoms had lasted more than 26 weeks, and in 23%, 8--26 weeks. Sixty-eight percent of patients reported pain at rest, 90% activity-related pain, 71% nocturnal pain, and more than 70% reported problems lying on the affected shoulder.

![Age distribution of the patients included in the study by sex (34 women and 28 men).](ipri-34-224.F01){#F0001}

Intertester agreement on individual tests performed with STT {#s0006}
------------------------------------------------------------

Considering individual tests the kappa score for resisted abduction pain was 0.26, for resisted lateral rotation pain 0.40, and resisted medial rotation pain 0.23 ([Table 2](#TB2){ref-type="table"}). Painful arc revealed kappa scores of 0.30 and 0.16 for the agreement of a positive or negative painful arc, respectively. The kappa score for limitation of passive lateral rotation and passive abduction were 0.66 and 0.70, respectively, compared to kappa 0.45 for limitation of passive medial rotation.

###### 

Observed and chance corrected agreement (kappa) and with 95% confidence interval for the individual soft tissue tension techniques (STTs) that make up the basic functional examination of the shoulder in diagnostic assessment of 62 patients with shoulder complaints in a primary health care setting.

                                                    *N* of pairs agreed                        
  ------------------------------------ ------------ --------------------- ----- ------ ------- ---------------
  Active elevation both arms           Pain         271                   25    0.80   0.27    0.15--0.40
                                       Weakness     134                   134   0.72   0.45    0.35--0.54
                                       Negative     14                    302   0.85   0.26    0.11- 0.40
  Passive elevation affected arm       Pain         262                   34    0.80   0.35    0.23--0.47
                                       Limitation   106                   169   0.74   0.46    0.37--0.56
                                       Negative     26                    287   0.73   0.38    0.24--0.50
  Painful arc                          Yes          39                    240   0.75   0.30    0.19--0.41
  Painful arc                          No           173                   50    0.60   0.16    0.08--0.22
  Passive abduction shoulder           Pain         120                   135   0.69   0.37    0.27--0.46
                                       Limitation   116                   203   0.86   0.70    0.62--0.78
                                       Negative     110                   152   0.70   0.40    0.30--0.49
  Passive lateral rotation shoulder    Pain         231                   33    0.71   0.19    0.08--0.30
                                       Limitation   125                   185   0.83   0.66    0.57--0.73
                                       Negative     27                    252   0.75   0.21    0.09--0.33
  Passive medial rotation shoulder     Pain         185                   68    0.68   0.29    0.20--0.39
                                       Limitation   47                    254   0.81   0.45    0.35--0.56
                                       Negative     56                    212   0.72   0.34    0.24--0.44
  Resisted adduction shoulder          Pain         4                     307   0.84   0.03    n0.07--0.14
                                       Weakness     0                     372   1.00           
                                       Negative     292                   7     0.80   0.05    n0.06--0.16
  Resisted abduction shoulder          Pain         108                   126   0.63   0.26    0.17--0.36
                                       Weakness     0                     324   0.87   n0.07   n0.08-- n0.04
                                       Negative     111                   114   0.60   0.21    0.11--0.31
  Resisted lateral rotation shoulder   Pain         78                    192   0.73   0.40    0.30--0.49
                                       Weakness     3                     345   0.94   0.17    n0.03--0.37
                                       Negative     174                   84    0.69   0.35    0.25--0.45
  Resisted medial rotation shoulder    Pain         49                    202   0.67   0.23    0.13--0.33
                                       Weakness     0                     366   0.98   n0.01   n0.02--0.00
                                       Negative     171                   57    0.61   0.15    0.04--0.25
  Resisted flexion elbow               Pain         3                     330   0.90   0.08    n0.05--0.22
                                       Weakness     0                     369   0.99   0.00    n0.01--0.00
                                       Negative     303                   3     0.90   n0.01   n0.09--0.09
  Resisted extension elbow             Pain         6                     315   0.86   0.12    n0.01--0.25
                                       Weakness     4                     340   0.92   0.18    0.01--0.36
                                       Negative     285                   18    0.81   0.24    0.11--0.37

Numbers of the 372 assessment pairs that agreed on yes or no, respectively, are presented. *n* indicates a negative value.

Intertester agreement on individual diagnoses of shoulder complaints {#s0007}
--------------------------------------------------------------------

Observed agreement on the necessity of a preliminary examination of the cervical spine was high. Due to three missing, 363 pairs were available for analysis, 115 pairs agreed on the necessity of preliminary examination, and 226 agreed on no necessity of this test (22 pairs disagreed), observed agreement 0.94, kappa 0.87 (95% CI 0.81, 0.95). All clinicians agreed on six specific diagnoses in at least one patient: supraspinatus-, infraspinatus-, and subscapularis-tendinopathies, chronic subacromial bursitis, glenohumeral capsulitis, and acromioclavicular joint lesion ([Figure 2](#F0002){ref-type="fig"}). At least one clinician diagnosed one-half of the patients with glenohumeral capsulitis, and all four clinicians agreed that 12 of the patients met the diagnostic criteria for this diagnosis ([Figure 2](#F0002){ref-type="fig"}). Of the 17 patients given a diagnosis of supraspinatus-tendinopathy, five received this diagnosis from all four clinicians. Observed agreement ranged from 0.84 for glenohumeral capsulitis to 0.97 for the acromioclavicular joint lesion. The corresponding kappa scores were 0.66 (95% CI 0.57, 0.73) for glenohumeral capsulitis, 0.78 (95% CI 0.61, 0.90) for acromioclavicular lesion, 0.53 (95% CI 0.34, 0.68) for infraspinatus-, 0.59 (95% CI 0.47, 0.70) for supraspinatus-, and 0.68 (95% CI 0.53, 0.82) for subscapularis-tendinopathy, respectively ([Table 3](#TB3){ref-type="table"}).

![Number of the 62 patients given specific diagnosis by all four, three of four, two of four, or one of four of the clinicians.\*Rotator cuff includes supraspinatus-, infraspinatus-, and subscapularis-tendinopathies;\*\*bursitis includes chronic and acute subacromial and subdeltoid bursitis.](ipri-34-224.F02){#F0002}

###### 

Mean and range proportion of 62 patients with shoulder complaints in a primary health care setting given a specific diagnosis by four independent clinicians.

                                                                                  *N* of pairs agreed                       
  ----------------------------------------------------------- ------ ------------ --------------------- ----- ------ ------ ------------
  Supraspinatus-tendinopathy                                  0.15   0.11--0.21   37                    295   0.89   0.59   0.47--0.70
  Infraspinatus-tendinopathy                                  0.08   0.03--0.10   16                    331   0.93   0.53   0.34--0.68
  Subscapularis-tendinopathy                                  0.07   0.06--0.08   18                    337   0.96   0.68   0.53--0.82
  Subacromial bursitis chronic                                0.15   0.06--0.19   31                    291   0.86   0.46   0.33--0.58
  Glenohumeral capsulitis                                     0.35   0.31--0.44   100                   214   0.84   0.66   0.57--0.73
  Acromio-clavicular joint lesion                             0.06   0.05--0.10   19                    343   0.97   0.78   0.61--0.90
  Neck or shoulder girdle lesion                              0.28   0.26--0.29   93                    255   0.94   0.84   0.78--0.90
  Rotator cuff tendinopathy[^a^](#TF3){ref-type="table-fn"}   0.23   0.18--0.29   63                    264   0.88   0.66   0.57--0.75
  Bursitis[^b^](#TF4){ref-type="table-fn"}                    0.17   0.15--0.19   33                    279   0.84   0.43   0.30--0.55

Diagnostic agreement is presented as a number of the 372 pairs that agreed on a diagnosis or not, and observed proportion of agreement. Chance-corrected agreement (kappa) are presented with 95% confidence interval (CI).

Collapsed variable including supraspinatus-, infraspinatus-, and subscapularis-tendinopathies.

Collapsed variable including includes chronic and acute subacromial and subdeltoid bursitis.

Intertester agreement on specific diagnostic groups {#s0008}
---------------------------------------------------

Collapsed into a single variable as rotator cuff tendinopathy, the observed agreement was 0.88 and the kappa score was 0.66 (95% CI 0.57, 0.75). The kappa scores for each pair varied between 0.60 and 0.71 for the collapsed rotator cuff tendinopathy. Considering bursitis as a single group collapsed into a single variable as presented in [Table 3](#TB3){ref-type="table"}, the observed agreement was 0.84 with a kappa score of 0.43 (95% CI 0.30, 0.55). The kappa score for chronic subacromial bursitis was 0.46 (95% CI 0.33, 0.58) ([Table 3](#TB3){ref-type="table"}).

In sex-specific analyses, kappa scores were generally higher in women, but did not reach statistical significance, although the kappa scores for rotator cuff tendinopathy were 0.59 for men and 0.72 for women (data not shown).

Discussion {#s0009}
==========

Principal finding {#s0010}
-----------------

Experienced clinicians, trained in primary health care, carried out functional testing of the shoulder on the same patients consecutively. The study revealed excellent agreement on needs for cervical spine examination, good agreement on glenohumeral capsulitis, acromioclavicular joint lesion diagnoses, and subscapularis-tendinopathy, moderate agreement for supra- and infraspinatus-tendinopathy. Agreements on diagnoses were generally better than on individual tests.

Strengths and weaknesses {#s0011}
------------------------

One of the strengths of this study is that it is a reflection of primary health care practice, as called for in the *JAMA* review by Hermans et al. in 2013.\[[@C21]\] "Ordinary" patients, with heavy symptom load and long duration of complaints, were recruited in a sufficient number to reach enough statistical power for the kappa statistics. The four clinicians registered their results consecutively in a standardized clinical recording form, without any possibility for changing view after discussions with peers. Without pre-calibration, this study may not reflect the highest possible scores, but probably reflects achievable reliability using the diagnostic principles of orthopaedic medicine and STTs in primary health care.

There are, however, limitations to our study. The examiners were limited in using accessory test and in providing diagnosis beyond the items provided in the questionnaire. Recall error upon specific tests may be possible as data input provided by the clinicians were at the end of each examination. A focus on individual tests with consecutive registration instead of the inherent picture might have changed the results for specific tests. However, the results are in line with results for individual tests for impingement,\[[@C11]\] mobility disorders,\[[@C22]\] and other shoulder conditions \[[@C11]\] that all demonstrated low reliability and caution in diagnosing based on single tests. Repetitive examinations in a tight time schedule might provoke symptoms and thereby reduce agreement. The workload by examining over 60 patients in two days was substantial, but we could not demonstrate reduced agreements at the end of the days.

Findings in relation to other studies {#s0012}
-------------------------------------

The results indicate that the tests included in the basic functional examination combined with a detailed medical history, constitute a useful systematic approach to clinical shoulder examination, and the results correlate well with other studies investigating this diagnostic method.\[[@C14],[@C16]\] As opposed to Hanchard et al.,\[[@C14]\] and Pellecchia et al.\[[@C16]\] no pre-calibration training was conducted prior to our study to reflect the "real life situation". Furthermore, the participating clinicians work in four different workplaces in two different countries, which altogether make it more challenging to obtain good agreement between assessors.

In this study, we defined three diagnostic levels: the individual tests, the individual diagnoses, and the diagnostic groups. The highest kappa scores were obtained for the diagnostic groups, and the lowest for the individual tests. The discrepancy in kappa scores between diagnostic levels is an important finding. It demonstrates that when making a diagnosis, experienced clinicians use comprehensive clinical reasoning skills in addition to information from the summary of specific tests.\[[@C23],[@C24]\] This was illustrated in a qualitative study where diagnostic reasoning involved both pattern recognition and hypothetico-deductive reasoning on assessment of patients with shoulder pain.\[[@C25]\] Myer et al. recently highlighted in their user's guide to examination of the shoulder that the individual tests are best used in the context of a comprehensive history and physical examination, \[[@C26]\] a notion which was supported by Hegedus et al. in their meta-analysis from 2012.\[[@C12]\]

A lower kappa score of 0.46 was obtained in this study for chronic subacromial bursitis. The study by Hanchard et al. obtained similar kappa scores for bursitis, ranging between 0.35 and 0.58.\[[@C14]\] The lower kappa scores might be explained by the mixed clinical picture of pain on some passive movements and pain on some resisted movements, with or without painful arc in bursitis.\[[@C27]\] Cyriax considered this pattern to be an "incomprehensible bursitis". The main difficulty with chronic subdeltoid bursitis remains the heterogeneity of the clinical pattern.

Hanchard et al. \[[@C10]\] considered rotator cuff tendinopathies as one group, and obtained interobserver agreements ranging between 0.71 and 0.79 compared to the observed agreement of 0.88, and the kappa score of 0.66 for rotator cuff tendinopathy as one group in this study. The complexity of diagnosis of rotator cuff tendinopathies, and their relationship with bursal pathology has been highlighted,\[[@C28]\] indicating the challenges in relation to precise diagnosis between these two conditions. In addition, repetitive testing of shoulder may have influenced test results by provoking pain through the test procedures.

Glenohumeral capsulitis is characterized by painful, gradual loss of active and passive shoulder motions. The capsular pattern at the shoulder joint is described as proportional limitation of the three passive scapulohumeral movements; there is some limitation of abduction, more limitation of external rotation, and less limitation of internal rotation.\[[@C27]\] As the literature suggests that other shoulder pathology can produce a similar clinical picture, a precise diagnosis may also here be a challenge.\[[@C29]\] Still, a kappa score of 0.66 in this study and kappa scores in the range between 0.63 and 0.82 in the study by Hanchard et al. \[[@C14]\] indicate that trained clinicians may identify this diagnosis with substantial accuracy in primary health care. The good agreement in testing passive abduction and lateral rotation probably contributes to the diagnostic agreement.

The true prevalence of acromioclavicular joint lesion is unknown \[[@C30]\] and we are not aware of other studies reporting intertester reliability on this lesion. The kappa score of 0.78 obtained for the acromioclavicular joint lesion is substantial, although also here diagnosis is considered challenging.\[[@C30]\]

Reliability and validity {#s0013}
------------------------

Our results revealed moderate to good intertester agreement on rotator cuff tendinopathies, indicating that validity might be a challenge. Calculation of agreement based on figures presented in the Cochrane review \[[@C10]\] (Figures 5, 9, and 10), indicate agreement, with relatively low kappa values (low to fair/good),\[[@C19]\] between different tests for rotator cuff tendinopathy and arthroscopic reference standard. The test agreement in the Cochrane review \[[@C10]\] is in line with the kappa values found for individual STTs (0.15--0.45) in our study, except for our results for limitation of passive lateral rotation and passive abduction which performed better (0.66 and 0.70, respectively). A recent Norwegian study indicates that standardization and use of plurimeters might improve reliability of the limitation test.\[[@C31]\]

Implications for practice {#s0014}
-------------------------

Although specific diagnosis of shoulder lesions in general practice remains challenging, this study supports that the diagnostic principles of orthopaedic medicine and STTs can be a valuable and manageable diagnostic tool for GPs and physical therapists in primary health care settings. Better agreement on diagnoses than on specific tests underscores the necessity of systematic functional examination and history to recognize clinical pictures. Still, the reliability shows variation in diagnoses that challenge specific treatments and comparisons of results. Further research is necessary on how to improve the diagnostic system for classification of shoulder complaints.
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